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The nature of the biological activity of the
bacterial endotoxins continues to puzzle in-
vestigators in this field. After nearly a half-
centurv of research, it is still not clear whether
these agents kill and produce their other effects
by virtue of some intrinsic pharmacological
activity, or whether the reactions to endotoxins
are mediated by immunological or hypersen-
sitivity phenomena. The latter hypothesis has
much to recommend it. Skin reactions to intra-
dermal test doses of endotoxin in man and rabbits
resemble tuberculin reactions in their evolution
and appearance. The Shwartzman reaction oc-
curring in such areas can be mimicked with
tuberculin in hypersensitive animals, as can the
pyrogenic effect of endotoxins. Shock and death
following large parenteral doses of endotoxin are
reminiscent of "tuberculin shock" in hypersensi-
tive animals, and in general it can be said that
most of the biological effects of endotoxins in
normal animals can be reproduced with foreign
protein antigens in specifically hypersensitive
animals. It is tempting to consider the possibility,
then, that endotoxins are "toxins" only in the
sense that tuberculoprotein or other antigens are
toxic for the hypersensitive animal (7). A neces-
sary corollary, of course, is that so-called normal
animals possess a natural allergy or hypersensi-
tivity to these ubiquitous gram-negative bacterial
antigens and, more specifically, an allergy of the
"delayed" or tuberculin type.
Unfortunately, there are several considerations

which argue strongly against this hypothesis. In
the first place, it seems clear that the antigenicity
of bacterial endotoxins resides in the polysac-
charide portion of the molecule, but it has never
been demonstrated that polysaccharide antigens
as a class can induce or elicit delayed hyper-
sensitivity. In the second place, polysaccharide
fractions resulting from gentle hydrolysis of the

1 This symposium was held at the Annual Meet-
ing of the American Society for Microbiology in
Chicago, Ill., on 24 April 1961, under the sponsor-
ship of the Division of Medical Bacteriology and
Immunology, with Maurice Landy as convener.

endotoxin molecule are usually found to be devoid
of biological activity although they retain their
antigenicity. Furthermore, if reactivity to endo-
toxins depended on prior sensitization, one would
expect embryos and newborn or germ-free adult
animals to be unreactive; in fact, chick embryos
(6), newborn rabbits (3) and germ-free rats
(B. Zweifach, unpublished data) are all suscepti-
ble to the lethal effect of endotoxins. Finally,
R. A. Good (unpublished data) has recently found
that patients with Hodgkin's disease, who
characteristically fail to exhibit delayed hyper-
sensitivity reactions, nevertheless exhibit quite
normal skin reactivity to bacterial endotoxins.
Although there are, then, striking similarities

between the reactions of normal animals to
endotoxins and the reactions of hypersensitive
animals to foreign protein antigens, reactivity
to endotoxinsq cannot be interpreted in terms of
conventional bacterial allergy acquired by the
individual. It is possible that some form of
altered reactivity to these antigens does exist on a
genetic basis, and is expressed even in the embryo
by some mechanism analogous to isohemag-
glutinin production. Species differences in re-
activity to endotoxins might reflect either dif-
ferences in survival advantage, differences in
ecological relationships, or both.

Another, and perhaps more likely, possibility
is that the similarities between hypersensitivity
reactions and reactions to endotoxins merely
represent final common pathways of tissue
reaction, triggered in different ways but ex-
pressed in a common phenomenology. In any
event, it will be interesting to determine whether
susceptibility to endotoxins is in fact genetically
determined and to study the reactions of the
embryo and newborn before contact with bac-
terial antigens has occurred.

Turning from delayed hypersensitivity to cir-
culating antibodies, we again find a number of
observations suggesting an immunological basis
for endotoxin action. The effect in vitro of endo-
toxin on blood clotting, described by McKay,
Shapiro, and Shanberge (4), has attracted interest
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because of the prominence of thrombotic phe-
nomena in some of the effects in vivo of endo-
toxin, notably the local and generalized Shwartz-
man phenomenon. This effect has been shown to
be antibody mediated (5) and can be mimicked by
other antigen-antibody complexes. So, too, in the
case of the substantial stimulation of respiration
of leukocytes by addition of endotoxin in vitro (8).

Although it has been more difficult to demon-
strate the mediation by antibody of effects in
vivo of endotoxin, the accelerated cutaneous
reactivity which follows a single injection of
endotoxin correlates well with the prompt anti-
body response (3). This antibody response has
some of the characteristics of an anamnestic re-
sponse, and cross-reacting antibodies also appear.
That is, stimulation by a single dose of one bac-
terial endotoxin leads to the prompt appearance
of accelerated skin reactivity to that endotoxin
and to others as well, the serum antibody titers
against the homologous and heterologous endo-
toxins showing a parallel increase. The basis for
the cross reactivity appears to be similar in
dideoxyhexose residues on the polysaccharides of
the endotoxins.
Another phenomenon in vivo in which these

cross-reacting antibodies may be involved is the
"tolerance" seen after repeated injections of
endotoxin. Freedman (2) has been able to trans-
fer this tolerance passively with plasma or serum;
as in the tolerant donors, the transferred tolerance
extended to other endotoxins as well (1), and it
would be worthwhile to determine whether this
cross tolerance could be accounted for on the
basis of serological cross reactivity between the
endotoxins used.

It appears, therefore, that whether or not the
primary biological activity of endotoxins hinges
on their antigenicity, circulating antibodies play
a role in modification of the host response to these
agents. Under some circumstances, increased
antibody levels appear to confer an "immediate"
or Arthus-like skin reactivity in the rabbit; under
others, increased antibody levels may aid in the

rapid clearance of circulating endotoxin by the
reticulo-endothelial system, resulting in a
diminished biological activity or "tolerance."
Studies of the complicated situation in the adult
laboratory animal, whose reactivity to endotoxins
is almost certainly modified by his previous con-
tact with endotoxins, could certainly be profit-
ably complemented by studies on reactivity of
the fetus and newborn, and we must know more
of the qualitative as well as quantitative aspects
of the immunological response to endotoxins
before we shall know how to evaluate properly
their role in determining the effects in vivo of
endotoxins.

LITERATURE CITED

1. FREEDMAN, H. H. 1959. Passive transfer of
protection against lethality of homologous
and heterologous endotoxins. Proc. Soc.
Exptl. Biol. Med. 102:504-506.

2. FREEDMAN, H. H. 1960. Passive transfer of
tolerance to pyrogenicity of bacterial endo-
toxin. J. Exptl. Med. 111:453-463.

3. LEE, L., AND C. A. STETSON, JR. 1960. Studies
on the mechanism of the Shwartzman phe-
nomenon. Accelerated cutaneous reactivity
to endotoxins. J. Exptl. Med. 111:761-772.

4. MCKAY, D., S. S. SHAPIRO, AND J. N. SHAN-
BERGE. 1958. Alterations in the blood coagu-
lation system induced by endotoxins. II. In
vitro. J. Exptl. Med. 107:369-376.

5. ROBBINS, J., AND C. A. STETSON, JR. 1959. An
effect of antigen-antibody interaction on
blood coagulation. J. Exptl. Med. 109:1-8.

6. SMITH, R. T., AND L. THOMAS. 1954. The lethal
effect of endotoxins in chicken embryos.
Proc. Am. Pediatric Soc., Buck Hill Falls,
Pa., May 3, 1954.

7. STETSON, C. A., JR. 1955. Studies on the mech-
anism of the Shwartzman phenomenon. Sim-
ilarities between reactions to endotoxins and
certain reactions of bacterial allergy. J.
Exptl. Med. 101:421-436.

8. STRAUSS, B. A., AND C. A. STETSON, JR. 1960.
Studies on the effect of certain macromolecu-
lar substances on the respiratory activity of
leucocytes of peripheral blood. J. Exptl.
Med. 112:653-669.

458 [VO L. 25


